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(54) Aqueous coating composition 

(57) An aqueous coating composition having im- 
proved adhesion to friable surfaces is provided. The 
aqueous coating composition includes a plurality of pol- 
ymeric particles having a particle size of less than 1 20 
nanometers, and containing at least two polymers, one 
of which contains, as polymerized units, acid functional 



monomers, water soluble monomers, or both. Optional- 
ly, the aqueous coating composition includes a nonionic 
surfactant. In addition, a method for improving adhesion 
to friable surfaces by using the aqueous coating com- 
positions of the invention is provided. 
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Description 



EH abou^' to i o 1 ^S's^^sss'r f r T ines in the preparation ° f sing,e ^ »*«« — 

889 and 1091 AnoVrorTw eopolymenzed carboxylic acid monomer which have particle sizes between 

f " A " 5 '°! 6,9 ' M < " SC ' 0MS " me " ,oa ' rea ""S 8u,,a< * s ' ™ lut ""9 »<>«• 01 wood, plastio ana comemfflous 

wmmmmmi 

the inner (core phase copolymer had a high Tq of at least 45° C Tho r^h,™, «# «. I . ' ' " e 

H i ? . ( ' V ' n9 T9 near ° r b6,OW r ° 0m tem Perature, and M w as low as 50.000) No use of thesTmum 
stage latexes to .mprove adhesion to friable surfaces was disclosed " 

[0005] We have now prepared aqueous coating compositions including, dispersed therein a oluralitv of nn , um0 H, 
part.cles hav.ng an average particle size of less than 120 nanometers, each polymeric partfci^ ' SZ L ^ ™ 

[0006] Used herein, these terms, enclosed in quotation marks, are defined as follows: 

"friable surface" refers to porous, weak surfaces subject to attrition on abrasion and includes- chalkv surtax «f 
mTsZ T h9Ve WSathered t0 3n 6Xtent th3t P ° 0r,y «>nso.idated pigment forms a uriace a£ 'SSS,? 

io' foITo?yme n r, Sla9 ' * °" *"* ' M ^ ^ * m ° n ° mer °' a mixlure ° f — - P°<y™rized 
the "polymeric particles" have an average particle size of less than 120 nanometers, exist in large numbers tl e 

zl^^iz^t^ ? nd are prepared by emu,sion po'y--*- acco.piS:;:^ 
sr;: w P ^SEsr n stase of which produces " polymer A " and at ieast ° ne po,ym - 

Zn!*Z™ !" Chara * eri2ed in that il has either a higher acid number compared tc "polymer B», or that it is prepared 

•Clr SET ! C ° ntainin9 5 "" 5% ° f 81 ' eaSt ° ne W3ter S0,Ub,e ™"°™r °r both and P P 
water soluble means that the monomer has a water solubility of 8% or more by weight based on the w^inht of 
water, as calculated by the QSAR Method (see Table A below) 9ht ° f 

"Acid I number" is a convenient indicator of the amount of acid functionality contained in a polymer "Acid number" 
.s def,ned as the number of mil.igrams of potassium hydroxide required to neutralize the free add ir "one grim of 



polymer solids. 



EP 1 197 532 A1 



Acid Number = - (m 9 of KQH > 

(g of polymer sample) 

[0007] The present invention relates to an aqueous coating composition having improved adhesion to friable surfaces 
including a plurality of polymeric particles, each of said particles including: 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C, 

wherein said polymer A is an emulsion polymer consisting essentially of: 

(i) at least one copolymerized ethylenically unsaturated nonionic monomer having a water solubilitv less than 
8% by weight, based on the weight of water; and 

(ii) at least one copolymerized acid monomer, such that the acid number of said polymer A is 13 to 260; and 

(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer including, as polymerized units, at least one ethvlenicallv 
unsaturated nonionic monomer y y 

wherein said particles have an average particle diameter less than 120 nanometers 
[0008] A second aspect of the present invention relates to an aqueous coating composition having improved adhesion 
to friable surfaces including a plurality of polymeric particles, each of said particles including: 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C, 

wherein said polymer A is an emulsion polymer including: 

(I) 5-99.5 % by weight, based on said polymer A weight, of at least one copolymerized ethylenically unsaturated 
irst nonionic monomer having a water solubility of 8% or more by weight, based on the weight of water 
(ii) 0-94.5 % by weight, based on said polymer A weight, of at least one copolymerized ethylenically unsaturated 
second nonionic monomer having a water solubility of less than 8% by weight, based on the weight of water- 
and * 

(Hi) at least one copolymerized acid monomer, such that the acid number of said polymer A is 3 to 1 00; and 

(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer including, as polymerized units, at least one ethvlenicallv 
unsaturated nonionic monomer. 7 

wherein said particles have an average particle diameter less than 120 nanometers 
[0009] A third aspect of the present invention relates to a method for producing a coating on a friable surface including: 

(1) applying to said friable surface a layer of an aqueous coating composition including a plurality of polymeric 
particles, each of said particles including: H y 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C, 

wherein said polymer A is an emulsion polymer consisting essentially of: 

(i) al least one copolymerized ethylenically unsaturated nonionic monomer having a water solubilitv less 
than 8% by weight, based on the weight of water; and " 

(ii) at least one copolymerized acid monomer, such that the acid number of said polymer A is 1 3 to 260; and 

(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer including, as polymerized units, at least one ethvlenicallv 
unsaturated nonionic monomer, 7 

wherein said particles have an average particle diameter less than 120 nanometers- and 
(2) drying said coating composition. 

[0010] A fourth aspect of the present invention relates to a method for producing a coating on a friable surface 
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including: 



partSr ^Z^sZ:Z T " ^ C ° atin9 C ° mP0Siti0n 9 ^ °< ■»*"»* 

(a) at least one polymer A having a glass transition temperature of -20° C to 1 00° C 
wherein said polymer A is an emulsion polymer including: 

(...) at least one copo.ymerized aoid monomer, such that the acid number of said polymer A is 3 to 1 00; and 
(b) at least one polymer B having a glass transition temperature of -20' C to 1 00° C 
unsatut™^ 

( 2 ) ^::lttZo^^ 8Vera9e Partide diamet6r l6SS 120 — - -d 

polymeric particles. m ° Unt ° 25 t0 10 W6 ' 9ht P ercent ' based °" the total dry weight of the 

P^~^ • of PCymeric parties. Each 

polymerization stages There m^e mor2th a n 1 , r A P °' ymer 8 are formed in se P arat * emulsion 
in a separate stage and dSZr froToolvmir A or o^ 6 ' ?? m ° r6 ^ ° nS P0,ymer 8 ,n fact ' f 
present in the particles plrZ A maTbe arTZtZ P ^ 006 haV ' n9 3 T9 aDOVe 100 ° C > ma V be 

stage in whichpolymerB^pTe'a^ 

the polymerization stages in which are formed 12 Z , T P , ^ B ' P ° ,ymer A ' ° r more than one of ««*. 
of both polymer A and'po.ymer B are j Mhou^t is notT ^ ^ ^ 

preferred, and will usually be the case that Do°vmJr aI! ? = requ.rement of the present invention, it is 
ibility exists, the polymer^sm-oles ma be D^ntt th ^J""" B ^ mUtUa " y incom P ati »'*- When this incompat- 
she.1, core/shell paries ITskel phies * „ "T^ 09 "*' confi ° ura ^. for examp,e, core/ 

of cores, interpenetrating n*wo£ JSSSl anXe Z 3 t" 9 COr \ COre/shel1 P article * ««" a muitip.icity 

M1 andM2, ' P 9& 123(1956 »> tha1 ls - for calculating the Tg of a copolymer of monomers 

1/Tg(calc.)= w(M1)/Tg(M1) + w(M2)/Tg(M2), 

wherein 

Tg(calc) is the glass transition temperature calculated for the copolymer 
w(M1 ) ls the weight fraction of monomer M1 in the copolymer 
w(M2) .s the weight fraction of monomer M2 in the copolymer 
Tg(M1 ) ,s the glass transition temperature of the homopolymer of M1 

Tg(M2) •« the glass transition temperature of the homopolymer of M2. all temperatures being in °K. 
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[0015] The glass transition temperatures of homopolymers may be found, for example, in "Polymer Handbook- 
edited by J. Brandrup and E.H. Immergut, Interscience Publishers. 

[001 6] Aqueous emulsion polymerization is the preferred method of preparing the polymeric particles because it can 
produce the desired particle size of less than 1 20 nanometers. However, any polymerization method that would allow 
preparation of an aqueous dispersion of polymeric particles having the desired size and each containing both polymer 
A and polymer B, produced in separate polymerization stages, would be acceptable. Polymeric particles prepared by 
emulsion polymerization are usually stabilized by adding anionic, nonionic, cationic, or amphoteric surfactants or by 
the incorporation of anionic or cationic moieties into the backbone of the polymer itself during synthesis The emulsion 
polymerization can be earned out by a number processes such as those described in Blackley, D. C Emulsion Polvm- 
ensaUon, Applied Science Publishers: London, 1 975; Odian, G. Principles of Polymerization; John Wiley & Sons- New 
York, 1 991 ; Emulsion Polymerization of Acrylic Monomers; Rohm and Haas, 1 967. 

[001 7] Aside from the specific compositional requirements for polymer A, to be described later, the following descrip- 
tion of compositions and methods of preparation for an emulsion polymer are common to both polymer A and polymer 
B. The monomers from which these emulsion polymers are formed are ethylenically-unsaturated. When they polym- 
enze in the presence of free radical initiators, these ethylenically-unsaturated monomers form addition polymers The 
aqueous emulsion polymer may be prepared by conventional techniques known to those of ordinary skill in the art 
The polymer may contain, as polymerized units, ethylenically unsaturated monomers. Examples of these ethylenically 
unsaturated monomers include: C r C 22 linear or branched chain alkyl (meth)acrylates. bornyl (meth)acrylate isobornyl 
(melh)acrylale, and the like; hydroxyethyl (meth)acrylale, hydroxypropyl (melh)acrylale; (meth)acrylamide or substi- 
tuted (metn)acrylamides; styrene or substituted styrenes; butadiene; vinyl acetate or other vinyl ester N-butylaminoe- 
thyl (meth)acrylate, N,N-di(methyl)aminoethyl (meth)acrylate; monomers containing a,p-unsaturated carbonyl func- 
tional groups such as fumarate, maleate, cinnamate and crotonate; (meth)acrylonitrile; and acetoacetoxyethyl (meth) 
acrylate. Used herein, the word fragment '•(meth)acryl" refers to both "methacryl" and "acryl". For example (meth) 
acrylic ac.d refers to both methacrylic acid and acrylic acid, and methyl (meth)acrylate refers to both methyl methacrvlate 
25 and methyl acrylate. 

[0018] Acid-functional monomers may also be present in the aqueous emulsion polymer as polymerized units Acid- 
functional monomers useful in the present invention include, for example, (meth)acrylic acid, itaconic acid crotonic 
acd, phosphoethyl (meth)acrylate, sulfoethyl (meth)acrylate, 2-acrylamido-2-methyl-1-p r0 panesulfonic acid fumaric 
acid, maleic anhydride, monomethyl maleate, and maleic acid. 
so [0019] Optionally, a low level of a multi-ethylenically unsaturated monomer may be incorporated into the polymer to 
provide crosslinking. The level of multi-ethylenically unsaturated monomer may be 0-5% by weight based on the weight 
of the dry emulsion polymer. The upper limit is typically determined by the point at which film formation becomes 
impaired Useful multi-ethylenically unsaturated monomers include, for example, ally) (meth)acrylate, diallyl phthalate 
^ 9lyC °' di ( meth > acr y |ate - 1 .6-hexanediol di(meth)acrylate, and 1 ,1 ,1 -trimethylolpropane tri(meth)acrylate' 
[0020] Conventional surfactants may be used to stabilize the emulsion polymerization systems before durinq and 
after polymenzation of monomers. These conventional surfactants will usually be present at levels of 0 1 'percent to 6 
percent by weight based on the weight of total monomer. At least one anionic, nonionic, or amphoteric surfactant mav 
be used, or mixtures thereof. Examples of anionic emulsifiers include sodium lauryl sulfate, sodium dodecyl benzene 
su fonate, d.octylsulfosuccinate, sodium polyoxyethylene lauryl ether sulfate, and sodium salt of fert-octylphenox- 
yethoxypoly(39)ethoxyethyl sulfate. Examples of nonionic surfactants include glycerol aliphatic esters oleic acid 
monoglycer.de, polyoxyethylene aliphatic esters, polyoxyethylene glycol monostearate, polyoxyethylene cetyl ether 
polyoxyethylene glycol monolaurate, polyoxyethylene glycol monooleate, polyoxyethylene glycol stearate polyoxyeth- 
ylene higher alcohol ethers, polyoxyethylene lauryl ether, polyoxyethylene nonylphenol ether, polyoxyethylene octvl- 
phenol ether, polyoxyethylene oleyl ether, polyoxyethylene stearyl ether, polyoxyethylenesorbitan aliphatic esters polv- 
oxyethylenesorbitan monolaurate, polyoxyethylenesorbitan monooleate, polyoxyethylenesorbitan monopalmrtate 
polyoxyethylenesorbitan monostearate, polyoxyethylenesorbitan trioleate, polyoxyethylenesorbitan tristearate poly- 
oxyetnylenesorbitol lelra.oleate, stearic acid monoglyceride, /erf-octylphenoxyelhylpoly(39)ethoxyethanol, and nonyl- 
pnenoxyetnylpoly(40)ethoxyethanol. ' 
[0021] Amphoteric surfactants may also be utilized solely, or in combination with anionic surfactants, nonionic sur- 
factants, or m.xtures.thereof, to stabilize particles of the polymer during and after aqueous emulsion polymerization 
or other dispersion polymerizations. Forthe purpose of stabilizing particles of polymer in aqueous systems, amphoteric 
surfactants may be used at levels of 0.1 percent to 6 percent by weight based on the weight of total monomer. Useful 
classes of amphotenc surfactant include aminocarboxylic acids, amphoteric imidazoline derivatives, betaines and 
macromolecular amphoteric surfactants. Amphoteric surfactants from any of these classes may be further substituted 
w,th fluorocarbon substituents, siloxane substituents, or combinations thereof. Useful amphoteric surfactants can be 
ound in Amphoteric Surfactants, ed. B R. Bluestein and C.L. Hilton, Surfactant Series Vol. 12 Marcel Dekker NY NY 

[0022] Alternatively, all, or a portion, of the surfactant activity may be provided by initiator fragments, such as those 
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of persulfates, when the fragments become incorporated into the polymer chain 

SLn n tr rP ° ra ! in9 m T° merS beanng i0niC 9roups int0 the P°'V mer chain another alternative method of 
descS Z^Te PymerSyStem - Th ° Se m0n ° merS b6arin9 i0mC 9TOUPS indude the acid-functiona^onomers 
S^ 4 i. J2if h°" ? ? mu ' sion .P o| y me ^ation may be carried out by the thermal decomposrtion of free radical precur- 
12T>* ! ?T WhiCh are C8pab,e ° f 9eneratin 9 radicals suitab,e for initiating additio 'p^mSon 

STS^/SZ? SU f ° r eXamP ' e ' in ° r9aniC ^Peroxides, inorganic peroxides, organic hydrSox- 

l a m n i°r P ! r °T de 4 S ' USefU ' at leV6,S 0f from 0 05 P ercent l ° 5.0 percent by weight, based on thTweioht of 
£ZT T TT ,mt ' at0rS kn ° Wn the art ° f aqueous emu,sion Polymerization include water-soluble freTrSica 
mrt.ators, such as hydrogen peroxide, tert-butyl peroxide, benzoyl peroxide, t-butyl peroxtoate a KaH meta fsod^m 
potassmm or lithium) or ammonium persulfate; azo initiators such as azobisisobuUnit rt or 2 TZSSaSSSS' 
propane) ^hydrochloride; or mixtures thereof. Such initiators may also be combined wit! reducfngTente toTnm a 

a9entS inC ' Ude SU ' frteS SUCh as a,kali metal meta »*■»•. or hypTsuZ sod um tNo 
7 d ' ° r S ° diUm forma,dehyde su,fo *y |at e- free radical precursor and reducing ageZge h- 
er, referred to as a redox system herein, may be used at a level of from about 0.01% to 5% based on the we^hTof 

tTuTZ US6d - l X T PleS ° f SyStGmS inClUd6: l - bUty ' ^peroxide/sodium iam^^^Z^m- 
S : S/iSOaSCorbic acid /Fe ( ,l| )= and ammonium persutfate/sodium bisulfite/sodium hydrZme Fe ' 
The polymer.zat.on temperature may be 10°C to 110-C, depending upon such things as free radical initiate decom- 
position constant and reaction vessel pressure capabilities. aecom- 
[0025] Frequently, a low level of chain transfer agent such as a mercaptan (for example: n-octyl mercaptan n-dodecvl 
bUtV " 7"? "^P-P-^ -ercaptopropionic acid at 0.05 to 6% by wei/ht 
~» ' S employed to limit the Nation of any significant gel fraction or to control mo.ecu.ar weight 
[0026] Polymer A .s present in the polymeric particles at preferably 1 0 to 95 percent, more preferably 30 to 70 percent 
and most preferably 40 to 60 percent, by weight, based on the total weight of the polymeric particle ^ tho roSdi 
be.ng substantial* polymer B. Therefore, polymer B is present in the polymeric partes at prefenabTy 9 t0 sZ™ 

ZllTTJ o f° P6r f * m ° St Preferab ' y 60 t0 40 P6rcent ' by wef 9 ht - based on the to" a, weight oHhe 
b°. V rZ Z P y mSr A P °' ymer B ^ PrSpared Separate PO'ymerization stages. All of the monomers to 

9 9 T POlymeri2ati0n sta 9 e of an a ^ eo us emulsion polymerization (i.e.. for either polymer A orpofymlr 
may ^P^ent m the aqueous system at the start of that polymerization stage, or they may be added continual 
or .ntemnrttently during the course of the polymerization stage. A polymerization stage may alternatively b^ ca SEX 
m such a way that the amounts of monomers, relative to each other, are changed continuously, or TnLua y Tht 
monomers may be added to the aqueous system in neat form, or as a monomer pre-emu.sion in which the monomers 

medlJ ^ th mU t !t tl n ^ USln9 Surfactants - Free radical 'nrtiators may be introduced into the po.ymerizatfon 
medium at the start of the polymer.zat.on , continuously or intermittently during the polymerization, or some combina on 

l SJ a T e nrS l T* aSP6CtS ° f thS invention - the composition of polymer A includes: at least one copolymerized 
ethylemcally unsaturated nonionic monomer having a water solubility less than 8% by weight, based on the wefqht of 
water; and at least one copolymerized acid monomer, such that the acid number of polymer A is preferably 1 3^260 
more preferably 26 to 1 95, and most preferably 39 to 1 30. In the first and third aspects of the invention the ^composm on 
of Polymer B must be chosen so that at least 51% of the acid functional monomers contained, as po ymenzed EST 
m the po ymenc part.cles reside in polymer A. The acid number of polymer B may be 0 to 65, p eferablyTto i more 
preferably 0 to 1 5, and most preferably 0 to 7. P'e.eraoiy u 10 <>i>, more 

LtS SlTof S? X In ird aSpe .f ° f .\ ne present in vention - the composition of polymer B must be chosen so that 
ai .east 51 /o of the acid functionality resides in polymer A. 

PHTJ o, ' n the Se ° 0nd and fOUrth aspects of the P resent invention, the composition of polymer A includes- preferablv 

copofv^r^d'eT erably ., 8 ' 99 - 5 % ' m ° Sl Pref6rably 20 ""- 5 % by Wei9ht ' baSed on P^ mer A JSSZ oi a eaZone 
oopolymenzed ethylemcally unsaturated first nonionic monomer having a water solubility of 8% or more by weight 

bS T t ^1 Preferab ' y °- 94 5 % ' m ° re Preferably °" 91 5 % - and most P ref erably 0-79.5 % by weight 

a w«tt c ^^^n We ' 9 . ht ' ° f 81 le3St ° ne «P°^«teed ethy.enically unsaturated second nonionic monomer having 
such fhi ° 'ess than 8% by weight, based on the weight of water; and at least one copolymerized acid monomer 

such that the acid number of polymer A is 3 to 100. 

SSJl «V G f ° nd T d f ° Urth aSPSCtS ° f the Pr6Sent inVen,i0n ' the composition of polymer B must be chosen so 
LTwe^ 

fh^J h Wa L er SOlubilit y of tne n o ni onic monomers incorporated into the emulsion polymers herein are defined as 

ecu,:; ZZ7eT:T: °r tita , tiVe Stm ? ral Relati ° nShiP (QSAR) p -9-m y The program uses the mo 

lecuiar structure to estimate phys.cal-chem.cal properties including, molecular weight, vapor pressure, solubility, bio- 
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15 



20 



25 



30 



35 



40 



45 



50 



concentration factor, hydrolysis half-life, Henry's coefficient, partitioning data, and other parameters( based on Lyman 
W., Reehl, W., and Rosenblatt, D. Handbook of Chemical Property 

[0032] Estimation Methods. Chapter 2 "Solubility in Water". McGraw Hill Book Co.. New York 1982) The QSAR 
database used to calculate the water solubility assessment is maintained by the Institute for Process Analysis Montana 
State University (Bozeman, Montana, USA) and accessed through Tymnet Data Systems and Numerica Online Sys- 
tems (Numericom. 1994. The Online Interface for Numerica Users. Technical Data Base Services Inc fTDS 135 West 
50th Street, New York, NY 1 0020). Some water solubilities are presented in Table A 



Table A. 


Water soli 


ibifities of monomers 


Monomer 


Water Solubility by QSAR Method (grams per 100 grams of water) 


BA 


0.465 


EA 


2.88 


EHA 


0.0172 


MMA 


4.17 


Sty 


0.0672 


VA 


9.65 


AAEM 


8.00 



55 



[0033] A second polymeric component may, optionally, be added to the aqueous coating composition to form a blend 
The second polymeric component may be soluble, insoluble, or partially soluble in water. There may be more than one 
second polymeric component. When such blends are formed, the weight ratio of the polymeric particles to the second 
™™Tf rlC ^ 0mP ° nert iS 1 /1 9 10 " 9/1 ' P referab, y 1 /1 9 10 1 9/1 ■ ™«* preferably 1 /4 to 9/1 , and most preferably 3/7 to 4/1 
[0034] The primary criterion forthe second polymeric component is that it be dispersed in water, dispersible in water 
soluble in water, or partially soluble in water, so that it may be blended with the other components of the aqueous 
coating composition. When the second polymeric component is insoluble, it will usually be dispersed in water as par- 
teles. Although particles of the second polymeric component will often be present in the aqueous coating compositions 
the term polymeric particles" used herein is reserved forthe particles containing both polymer A and polymer B When 
the second polymeric component is intended to function as a binder to facilitate film formation during preparation of 
the coating, it is preferred that its Tg be -40° C to 70° C. The second polymeric component could be prepared by any 
number of polymerization methods including emulsion, suspension, bulk, and solution polymerization There are no 
particular compositional constraints for the second polymeric component. The monomers used to prepare the second 
polymeric component may be those polymerizable by free radical techniques (i.e., including any of those listed above 
for use in preparing the polymeric particles), or other techniques such as are involved in condensation polymerization 
Typically, condensation polymers are prepared, by methods well known in the art, from reactive pairs of monomers' 
each o which is di-functional or multi-functional. Monomer pairs used to prepare condensation polymers include for 
example: acid chlorides and amines; isocyanates and amines; and isocyanates and alcohols. The second polymeric 
component may also be a polyolefin such as, for example, is formed from the polymerization of ethylene, propylene 
higher alkenes, and combinations thereof. The polyolefin may also contain, as polymerized units, conjugated dienes' 
non-conjugated dienes and functionalized alkenes. The methods of preparing polyolefins are well known in the art' 
and include Ziegler-Natta and metallocene techniques. 

[0035] One or more nonionicsurfactants may be added to the aqueous coating composition containingthe polymeric 
particles to achieve further improvement of adhesion of subsequently formed coatings to friable surfaces An effective 
amount of nonionic surfactant is 0.1-10 weight percent, preferably 0.25-1 0 weight percent, more preferably 0 5-8 weiqht 
percent, and most preferably 1-8 weight percent, calculated as dry weight of surfactant based on the total dry weiqht 
of the polymeric particles. y * 

EH 3 !- If n ° ni0niC surfactant inc,udes those listed hereinabove as providing stabilization during emulsion polym- 
^nin« n a ^X?'T IC K Sl ! ?' Pr l erably ' Ch0sen from the 9 rou P incl "<*"g alkylphenol alkylates, alkylated 

aZ^no, T ablates. The nonionic surfactant is, more preferably, chosen from the group including 

alkylphenol ethoxylates, ethoxylated amines, alkyl alcohol ethoxylates, and mixtures thereof 
[0037] Useful alkylphenol alkoxylates have the general structure 



R"-Ph-0-(R x O)-R'-OH, 
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pt^X et^T R?C°-C P: a.kv? Jfi c^C r TT h f?° f ' miXtUreS diSP ° Sed rand0m '^ " in se <— <>'«*.), 

™?«? q h ^ ^ a,kylphen0 ' eth ° Xy,ate ' iS aVai,able from Union Carbide Cor^oratfon X ' 4 ° 5 

where R is a C r C 24 alkyl, aralkyl, or aromatic group, preferably each R" orouo is a C c Z!? A 9 ° P ' 

the iodine number of the water-sol U b.e alkylated amine is less than 30 mS£ ZS^S^SLTf7 U* 
of the water-soluble alkylated amine is lessthan 15, in order to minimise ol o 

are ternary amines, also referred to herein as t-amines. In any event, the alkoxylated amine is watt Tnh K. t ! ^ 

iZEZXr ETHOMEEN'* 1 ,« ( 33 % ^T^J^Z^^S^T^ 
[0039] Useful alkyl alcohol alkoxylates have the general structure 

R"-0-(R x O)-R'-OH, 

ethvl R^r^ ° r ™' Mures tnereof ' mixtures disposed randomly or in sequences (blocks) preferablv 

ethyl, R is C r C 5 alkyl; R is C r C 30 alkyl; and "x" is preferably 1 to 1 00, more preferably 4 to 50 and mosi 1! 

S 040 ^ 7^ aqUe ° US Coatin 9 com Position of this invention may contain typical coating additives such as hinrW 
fillers, defoamers, cross-linkers, cataiysts, surfactants, stabilizers, anti-flocculants tackif^^ 
waxes, and p.gments. It may be applied to the substrate surface by methods well known n the art al^S 
rnn^i a,r L e t f S ^ ^ com P° nent W- roller, squeegee, and the like. ^-assisted 

L0U41] All ranges used herein are inclusive and combinable. 

Glossary. 

[0042] Used herein, the following abbreviations and terms have these meanings: 

AAEM m 2-(Acetoacetoxy)ethyl methacrylate 

ALS = Ammonium Lauryl Sulfate (28% active) 

BA = Butyl Acrylate 

MAA = Methacrylic Acid 

MMA s Methyl Methacrylate 

n-DDM ■ n-Dodecyl Mercaptan 

SLS = Sodium Lauryl Sulfate (28% active) 

STY m Styrene 

VA = Vinyl Acetate 

Empl. No. = example number 

PEA = pre-emulsion A 

PEB = pre-emulsion B 

PVC s pigment volume concentration 

P.S. m particle size in nanometers (nm) 

redox m reduction/oxidation (e.g., redox initiation system for polymerization) 

volume solids = the portion of the total volume of the aqueous dispersion that is occupied by nonvolatile material 
//- when used ,n the tables below, •//» is inserted between the compositions for each pfZ^^Tj^^r 
example^ 50(60 X/40 Y)// 50(90 X/1 0 Z) denotes that the polymerization is carried out in two 1^ hl?^ 

^60/40 Th rat, r f I" 0 " Sta9eS " 50/5 ° : rati ° ° f m ° n0mer X t0 ™ n0mer Y in *e nT^^Xm 
« 60/40; the rat.o of monomer X to monomer 2 in the second polymerization stage is 90/1 0 9 
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ATTAGEL™ 50 is available from Engelhard Minerals & Chemicals Corp Houston Texas 
ACRYSOL™ RM-2020NPR is available from Rohm and Haas Company, Philadelphia Pennsylvania 
BUBBLEBREAKER™ 625 is available from Witco Corp., Phillipsburg, N J 

Hlmpshfre N ™ 18/6 ° " alk ° Xylated l - arn ' nes - available from Akzo Nobel Chemicals Inc., Charlestown, Hew 

MINEX™ 4 is available from Uriimin Specialty Minerals Inc., Tamms, Illinois. 

NATROSOL™ 250 HBR is available from Hercules Incorporated, New York, New York 

TAMOL™ 1124 is a surfactant available from Rohm and Haas Company, Philadelphia, Pennsylvania 

TERGITOL™ 15-S-40 is C ir C 15 secondary alcohol ethoxylate available from Union Carbide of Danburv Con- 

necticut. " 

TEXANOL™ is available from Eastman Chemicals, Eastman, Tennesse. 

TI-PURE™ R-902 is titanium dioxide, available from DuPont Company of Wilmington, Delaware. 



TABLE 1 . 



Weights (in gra 


ms) of monomers i 


used in Pre-Emulsion A. 


PEA-(a) 


BA 


MMA 


MAA 


Other Monomer 


AmountofOther 
Monomer 


B 


417.8 g 


272.3 g 


60.0 g 






1 


417.8 


332.3 








2 


417.8 


332.3 








3 


417.8 


332.3 








4 


417.8 


332.3 








5 


417.8 


272.3 


60.0 






6 


417.8 


332.3 








7 


252.0 


498.0 








8 


417.8 






STY 


332.3 g 


13 


417.8 


332.3 




ALMA 


7.5 



PEA is formed by combining the monomers listed with defonized water (250 g) and SLS (8.2 g). <-° m Parative Example B. In 



corresponds to the 
each case, 



TABLE 2. 



Weights (in gran 


is) of monomers and other reactant used in Pre-Emulsion B. 


PEB-(a) 


BA 


MMA 


MAA 


Chain Transfer 
Agent 


Amount ofChain 
Transfer Agent 


B 


417.8 g 


332.3 g 








1 


417.8 


317.8 


15.0 g 






2 


417.8 


287.3 


45.0 






3 


417.8 


272.3 


60.0 






4 


417.8 


257.3 


75.0 






5 


417.8 


332.3 








6 

(a) "PBB" is an nhhrow 


417.8 


272.3 


60.0 


n-DDM 


7.5 g 



transfer agent is n-DDM. In each case, PEB is formed by combining the 
g) and SLS (8.2 g). 



monomers and, in the case of PEB-6. n-DDM, with deionized water (250 
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TABLE 2. 



Weights (in gran 


is) of monomers • 


and other reactant used in Pre-Emulsion B. 


DCD (a) 

rtD-w 


BA 


MMA 


MAA 


Chain Transfer 
Agent 


Amount of Chain 
Transfer Agent 


\ 7 


417.8 


272.3 


60.0 






8 


417.8 


272.3 


60.0 






13 

(a) "PEB* is an abbrev 


417.8 


272.3 


60.0 







Example in which the pre-emulsTon Is used For example PEB-7 is urcdinExamote 7 a^dPPH 'n^'" 9 ^ ^ °" PEB -" ~™*»nd. lo .he 
transfer agent is n-DDM. In each case. PEB is formed by wmbmina^m^om^ L 2 " ^L"l Com ' 5arative Exam P le * The chain 
g) and SLS (8.2 g). V """""'"S the monomers and, in the case of PEB-6. n-DDM, with deionized water (250 

Comparative Example A. Preparation of an aqueous dispersion of single-stage polymeric particles. 

n°rS , A A fiVe "' iterf,aSk W3S Charged With 1 800 9 lionized water and heated to 87°C while being swept with nitroaen 
gas (Ma). A monomer pre-emulsion was prepared from 494 g deionized water 16 1 a SLS 835 i To r! ma J 

«e^T 0m S e r S ^ 3 ? 3 9 amm ° niUm PerSU ' fate — ^ * i- — aTn g 5 wit B h A 6 0° g 4 de onTed 
water. The monomer pre-emuls.on was then added during two hours at 85°C. Over the course of the reaction o 82 n 
ammonium persulfate dissolved in 1 1 5 g deionized water was also added to the flask in a s^ JlxT^Z t 9 
addition was complete, the flask was cooled and 2.24 g 70% aqueous MhltoZTltJZ f* ? 

25 r^T and 0008 9 of iron su,fate heptahyd?ate were added '^SSTJl^^r^ 

a J.* th f ° a T° US ammonium h y droxide in 45 9 lionized water was then added. Deionized Twa^ rinses we^e 

zsxxzz: a xtt s dispersion of emulsion po,ymer had a ~* — 

COMPARATIVE EXAMPLE B, EXAMPLES 1-8 and 13. 

Preparation of an aqueous dispersion of the polymeric particles. The numbering of each pre-emulsion A and 
pre-emulston B matches the example number. (E.g., PEA-5 and PEB-5 are used in Example 5 ) 

[0044] A five-liter flask was charged with 1 500 To 1 800 g deionized water (1 500 g for Comparative Examole B- 1 onn 
g for Example 5; and 1 800 g for all others). The flask and its deionized water charge wereTen eated to 87-C 
bemg swept with N 2 . A monomer pre-emuision A (PEA) was prepared from 250 g dSzed wate 8 2 SLS and 

rrdSfthV?, 1 - ' n Pr ° CedUreS ° f EXamp,6S 1 " 8 and 13 ' 495 9 SLS 9 and3. 7 fg ammonium persulfate 
were added to the flask along with 60 g deionized water. In the procedure of Comparative Example B hT amount ^ 
SLS was reduced to 2.0 g. The monomer pre-emulsion A was then added over one hour at 85'C After comoT^ion ^ 

f2aTLS^ 

It sf-C T*T,nt Tt°K n r er , S (n "° DM ^ a,S ° 3n ingr6dient in PEB ' 6 ) ,isted in Table 2 was added during one hour 
a 85 C. Throughout the two-hour period during which first PEA and then PEB were added, 0 82 g ammonium nersu If at! 
dissolved >n 1 20 g deionized water was also added to the flask in a separate stream. When the adZn was como Lte 

ZJTow^Z Tt C r d 2 J 4 9 ° f 7 ° % aqUe ° US l - bUty ' 1-12 0 sodium fo^a,rhydesuZS 

and a 0.008 g of iron sulfate heptahydrate were added in a total of 105 g deionized water. A solution of 13 0 a ofS? 
aqueous ammonium hydroxide in 40 g deionized water was then added. Deionized water rinses we Padded thmuohout 
the polymenzat.on. Characteristics of the aqueous dispersions of polymeric particles are TsLd in Table 3 



Character!* 
Examples 1 


^8 C an^3 UeOUS D ' SperSi ° nS ° f Po, y merlc Particles prepared in Comparative Example B, 


Example 


Soiids Level as Weight % of Total Aqueous 
Dispersion 


Particle Size in nanometers, nm 


PH 


Comp. B 


38.2 


146 


7.9 


1 


34.5 


48 


9.2 


2 


33.9 


45 


7.0 
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Tabic 3. (continued) 



Character! 
Examples 


sties of Aqueous Dispersions of Polymeric Particles prepared in Comparative Example B 
1-8, and 13. ' 


Example 


Solids Level as Weight % of Total Aqueous 
Dispersion 


Particle Size in nanometers, nm 


PH 


3 


35 4 


51 


7.1 


4 


35.4 


51 


7.0 


5 


33.6 


48 


7.7 


6 


35.5 


45 


7.1 


7 


35.5 


49 


7.1 


8 


36.4 


53 


7.0 


13 


33.9 


45 


9.5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EXAMPLE 9. Preparation of two-stage polymeric particles having Polymer A formed during the second 
polymerization stage. 

[0045] A five-liter flask was charged with 21 00 g deionized water and heated to 67°C while being swept with N, A 
monomer pre-emulsion A was prepared from 250 g deionized water, 8.2 g SLS, 417.8 g BA 332 3 g MM A SLS (49 5 
g) along with 5% of the total monomer pre-emulsion A was added to the flask. Ammonium persulfate (0 2 a) 0 4a 
isoascorbic acid and Oj.03 g iron sulfate heptahydrate were added to the flask along with 40 g deionized water The 
monomer pre-emulsion A was then added during one hour at 65°C. After completion of the PEA addition and a hold 
period of five minutes, a monomer pre-emulsion B prepared from 250 g deionized water, 8.2 g SLS 41 7 8 g BA 272 3 
g MMA and 60.0 g MAA was added during one hour at 65°C. Throughout the two-hour period during which first pre- 
emulsior. A and then pre-emulsion B were added, 6.4 g t-butyl hydroperoxide and 5.3 g isoascorbic acid dissolved in 
a total of 240 g deionized water was also added to the flask in a separate stream. When the addition was complete 
the contents of the flask were cooled to 65° C and a solution of 1 .28 g of 70% aqueous t-butyl hydroperoxide 1 04 a 
.soascorbic acid, and 100 g deionized water was added. A solution of 13.0 g of 28% aqueous ammonium hydroxide 
in 40 g deionized water was then added. Deionized water rinses were added throughout the polymerization The aque- 
ous dispersion of the polymeric particles had a solids content of 30.3% by weight, a particle size of 51 nm and a pH of 7.0. 

EXAMPLE 1 0. Preparation of a three-stage polymeric particles in which Polymer A is formed during the second 
of three polymerization stages. 

[0046] A five-liter flask was charged with 1 600 g deionized water and heated to 87°C while being swept with N, A 
monomer pre-emuls.on A was prepared from 200 g deionized water, 6.3 g SLS, 232 0 g BA and 232 0 g MMA SLS 
(38.5 g) and 2 9 g ammonium persulfate were added to the flask along with 50 g deionized water. The monomer pre- 
emulsion A was then added during one hour at 85°C. After completion of the PEA addition and a hold period of five 
minutes, a monomer pre-emulsion B prepared from 200 g deionized water. 6.3 g SLS, 232.0 g BA 195 0 g MMA and 
37^0 g MAA was added during one hour at 85°C. Throughout the two-hour period during which first pre-emulsion A 
and hen pre-emulsion B were added, 0.65 g ammonium persulfate dissolved in 120 g deionized water was added to 
the flask in a separate stream. When the addition was complete, the flask was cooled to 65° C and 0 06 q N N-diethvl- 
hydroxylamine was added. Next, 185.0 g BA and 46.0 g MMA were added to the reaction mixture at 65° C ' during 10 
minutes. A 70% aqueous t-butyl hydroperoxide solution (2.25 g), 1 .1 2 g sodium formaldehyde sulfoxylate, and a 0 008 
g of iron sulfate heptahydrate were added in a total of 50 g deionized water: After 1 5 minutes, the flask was cooled to . 

!. ? aqUe ° US l " bUtyl h y dr °P eroxide and 1 .12 g sodium formaldehyde sulfoxylate, dissolved in a total 
of 50 g de.on.zed water, were added. Next, 1 3.0 g of a solution of 28% aqueous ammonium hydroxide in 40 q deionized 

S Sr . Wa ! ? ° eionized water rinses were added throughout the polymerization. The dispersion of polymeric 
particles had a solids content of 35.5% by weight, a particle size of 50 nm and a pH of 7.4. 

EXAMPLE 1 1 . Preparation of emulsion polymer having Polymer B in the first polymerization stage (70 weight 
/o) and Polymer A in the second polymerization stage (30 weight %). 

[0047] A five-liter flask was charged with 1 800 g deionized water and heated to 87°C while being swept with N 2 . A 
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TaTsoZZXIT 5 ' 00 A ^ ^^^f fr ° m 350 9 dei0n,>ed W3ter ' 11 5 9 SLS < 585 0 9 BA. and 465 0 g MM A SLS 
(49.5 g) and 3.74 g ammonium persulfate were added to the flask along with 60 q deionized water Tht JLT* 1 
added during one hour at 85=0. After completion of the addition and a ho.d pJ^SSZ^S^^^ ^iT 
..on B. prepared from 150 g deionized water, 5.0 g SLS, 250.7 g BA, 1 63.0 g MMA and »2^^^Z^SSL 
one hour. Throughout the two-hour period during which first the PEA and then the PEB were added all 1 ™ 9 
persulfate dissolved in 1 20 g deionized water was a.so added to the flask in a separate stream When the addTonw? 
complete the flask was cooled 65° C and a so.ution of 2.24 g of 70% aqueous t-buty. hydXe^de ? 12a T 

oniot If l«T° Xy,a,e 0008 9 ° f ir ° n SU ' fate «n 1 05 g' deionized 12£SE£ l.Ne* fsoiuton 

k t i qUe °y S ammomum h y droxide in 40 9 deionized water was added. Deionized water rinses were 

StTpa^r 

[0048J A five-liter flask was charged with 1 350 g deionized water and heated to 87°C while beina sweet with M a 

So n oTa r n P d re ;r UlSi ° n A PrSPared fr ° m 185 9 dei ° ni2ed Wat6r ' 6 2 Q SLS ' 313 4 9 BA ano 250^g MMA SLS 
(50.0 g) and 2.8 g ammomum persulfate were added to the flask, along with 40 g deionized water The monomer pfa 

was ,hen added during one hour at 85-C. After completion of the PEA and a ho.d period ofT minutes a 0 008 o^ 

iron , sutfate heptahydrate and 0.5 g ammonium persu.fate in a total of 25 g deionized water wer addetto th iactfon 

107.5 g BA, 453.8 g VA, and 2.8 g MAA was then added during one hour at 78° C. Durinq the course of fe^riL thl 
a S0,Uti0n ° f 1 1 9 ammonium persulfate, 0.34 g isoascorbic acid, and 120 g a^^L^JE 
C and I ? T " ? Pa ? te Stream - WhSn thS additi0n was com P' ete - ^ contents of the f.ask were coo Z Uo 65= 
was adln n ° n J" B * '° % aqU6 ° US h V dro P 6 ™'^ 1 .12 g isoascorbic acid, and 100 g deSed wafer 

Imdefht J ?r n !T W T "7" WSre add6d throu 9 h ^ the polymerization. The aqueous dispeLn of P o*mer£ 
particles had a solids content of 35.8% by weight, a particle size of 65 nm and a P H of 4.6. -Polymeric 

Table 4. 



Ingredients for preparation of the aqueous coating composition. 


Material 


Weight (grams) 


Grind Premix Inqredients 




NATROSOL™ 250 HBR (2.5% Aqueous solution) 


41.88 


| Propylene glycol 


6.94 


BUBBLEBREAKER™ 625 


0.39 


TAMOL™ 1124 


1.56 


TI-PURE™ R-902 


39.9 . 


MINEX™ 4 


47.48 


ATTAGEL™ 50 


1.23 






Let Down Ingredients 




• aqueous dispersion of polymeric particles 


108.84 


TEXANOL™ 


2.53 


BUBBLEBREAKER™ 625 


0.39 


ACRYSOL™ RM-2020NPR 


1.0 


Water 


19.67 



Comparative Example C. Aqueous coating composition incorporating single-stage polymeric particles. 
[0049] Following the recipe given in Table 4, an aqueous coating composition was made incorporating the aqueous 
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w 



15 



dispersion of the polymenc particles prepared in Comparative Example A. The Grind Premix was made and mixed on 
a high speed Cowles disperser for 20 minutes. The Grind Premix was transferred to another container and the Let 
Down ingredients were added in the order given. The final volume solids of the aqueous coating composition was 30 
percent and the pigment volume concentration (PVC) was 45%. 'P°s.uon was 

Comparative Example D and Examples 14-26. Aqueous coating composition incorporating multi-stage 
polymeric particles. a 

[0050] Using the procedure of Comparative Example C, Comparative Example D and Examples 14-26 were ore- 

voTul^Hc J'f Pertinent information for each exam P |e - Consistent with Comparative Example C, the final 
volume solids of the aqueous coating composition was 30 percent and the PVC was 45%. 

Example 27. 

[0051] Example 27 was prepared by the same procedure used for Example 14, except that TERGITOL™ 15-S-40 
was added to the aqueous coating composition such that there was 4% by weight solid TERGITOL™ 1 5-S-40 based 
on total weight of the polymeric particles in Example 14. ' 

Table 5. 



Character 
Examples 


istics of aqu 
14-27 and 3 


eous coating compositions prepared In Comparative Examples C and D, and 


Empl. No. 


Empl. No. 


Composition^) of polymeric particles in the 
aqueous dispersion of the polymeric particles 
prepared in Comparative Examples A and B, 
and Examples 1-13 and Example 28. 


PS (nm\ 


numuer oi poiymer phases 


Comp. C 


Comp. A 


55.7 BA/40.3MMA/4.0MAA 


46 


1 


Comp. D 


Comp. B 


50(55.7 BA/36.3MMA/8MAA)//50(55.7BA/ 
44.3MMA) 


146 


2 


14 


1 


50(55.7BA/44.3MMA)// 50(55.7 BAJ 
42.3MMA/2MAA) 


48 


2 


15 


2 


50(55.7BA/44.3MMA)// 50(55.7 BAJ 
38.3MMA/6MAA) 


45 


2 


16 


3 


50(55.7BA/44.3MMA)// 50(55.7 BAJ 
36.3MMA/8MAA) 


51 


2 


17 


4 


50(55.7BA/44.3MMA)// 50(55.7 BAJ 
34.3MMA/10MAA) 


51 


2 


18 


5 


50(55.7 B A/3 6. 3 MM A/8 MA A)// 50(55.7BA/ 
44.3MAA) 


48 


2 


19 


6 


50(55.7BA/44.3MMA)//50(55.2BA/35.9MMA/ 
7.9MAA/ 1.0n-DDM) 


45 


2 


20 


7 


50(33. 6B A/66. 4M MA)// 50(55.7 BAJ 
36.3MMA/8MAA) 


49 


2 


21 

(a) All comDosit 


8 


50(55. 7BA/44.3Sty)// 50(55.7 BA/36.3MMA/ 
8MAA) 


53 


2 



20 



25 



30 



35 



40 



45 



50 



55 



th<* cumh^i «//* . , . 7 a * J ^ a ' "ccin, cire aenoiea as TOIIOWS: 

the symbol // separates compositions polymerized in different polymerization stages- 
El* - en !l OSe fSed com P° sltions that "ere polymerized in each polymerization stage; 
tne^nurl^im^^ *** * b ™' iatl °™ WllNn P arentheses ^note Ingredients (monomers, or n-DDM), 
on - — denotes the .eight percent o, that ingredient ^d 
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Tabic 5. (continued) 



Character 
Examples 


sties of aqu 
14-27 and 3( 


eous coating compositions prepared in Comparative Examples C and D, and 


Empl. No, 


Empl. No. 


Composition* 3 * of polymeric particles in the 
aqueous dispersion of the polymeric particles 
prepared in Comparative Examples A and B, 
and Examples 1-13 and Example 28. 


P.S. (nm) 


number of polymer phases 


22 


9 


50(55.7BA/44.3MMA)// 50(55.7 BA/ 
36.3MMA/8MAA) 


51 


2 


23 


10 


80(55.7BA/44.3MMA)// 50(55.7 BA/ 
36.3MMA/8MAA))// 20(80BA/20MMA) 


50 


3 


24 


11 


70(55.7BA/44.3MMA)// 30(55.7 BA/ 
36.3MMA/8MAA) 


48 


2 


25 


12 


50(55.7BA/44.3MMA)// 50(1 9. 1 BA/80.4VAc/ 
0.5MAA) 


65 


2 


26 


13 


50(55.7BA/43.3MMA/1 ALMA)// 50(55.7 BA/ 
36.3MMA/8MAA) 


45 


2 


27 


1 


50(55.7BA/44.3MMA)// 50(55.7 BA/ 
42.3MMA/2MAA) + 4% Tergitol 15-S-40 


48 


2 



— — «• n.^jr c KH oa. iwiein, are aenoiea as follows: 

the symbol '//" separates compositions polymerized in different polymerization stages; 

parentheses enclose the feed compositions that were polymerized in each polymerization stage; 

"BA", "MM A", and other such abbreviations within the parentheses denote ingredients (monomers or n-DDM) • 

on ^^^^^^^Z^^ " " Wei9W ^ ° f ~ — 

sUge^ro^toTrS, o^C.^ " "* COmPOSiti0na ' in, ° rmati ° n — — ***** *• "~- - - 

Weathered Chalk Adhesion Tests of Aqueous Coating Compositions. 

[0052] Chalk adhesion was evaluated for all the aqueous coating compositions using the following procedure The 
aqueous coating compositions were applied using a brush over a weathered piece of aluminum siding The sidinq had 
been exposed outside on a house for an unspecified number of years, and had a chalky outer layer that was typically 
about 25 urn thick. The chalky layer is composed of the remnants of the inorganic particles (metal oxides various 
silicates, and possibly metal carbonates) that were present in the original coating composition 
[0053] The aqueous coating compositions of Comparative Examples C and D, and Examples 1 4-27 were applied in 
separated tests. In each test, two coats were applied, each coat being approximately 1 gram of liquid aqueous coatino 
composition per 97 cm2 (= 1 gram per 15 In*. The coats were allowed to dry at ambient conditions during an interval 
of two hours between applications. The coated panels were then dried at ambient conditions for approximately 24 
hours. ASTM Crosshatch tape pull test method D-3359 was used to evaluate the adhesion. The percent of coating 
retained after pulling off the tape was recorded. A reading of 1 00% indicates complete adhesion while a reading of 0% 
indicates complete removal. While a value of 1 00% is desired, experience has shown that values of greaterthan about 
20 /o are indicative of good adhesion. The adhesion data is given in Tables 6-14. 



Table 6. 



Effect of | 


aarticle size and compositional staging of the polymeric particles. 


Empl. 


Composition 


P.S. (nm) 


# of phases 


X-hatch adhesion 


Comp. C 


55.7 BA/40.3MMA/4.0MAA 


46 


1 


11% 


Comp. D 


50(55.7 BA/36.3MMA/8MAA)// 50(55. 7BA/44.3M MA) 


146 


2 


0% 


16 


50(55.7BA/44.3MMA) // 50(55.7 BA/36 .3 M MA/8 MA A) 


51 


2 


96% 



[0054] The results in Table 6 show that making the polymer in a multi-stage process which places the majority of the 
acid in one stage leads to a polymer with substantially improved adhesion. The results also show that a particle size 
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of about 50 nm for the polymeric particles results in better adhesion than does a particle size of about 1 45 nm. 

Table 7. 



Effect of £ 


icid (derived from polymerized MA A) level in Polymer A. 


Empl. 


Composition 


Polymer A< a >Acid # 


P.S. (nm) 


# of phases 


X-hatch adhesion 


14 


50(55.7BA/44.3MMA) 
// 50(55.7 BA/ 
42.3MMA/2MAA) 


13( b ) 


48 


2 


75% 


15 


50(55. 7BA/44.3M MA) 
// 50(55.7 BA/ 
38.3MMA/6MAA) 


39( fa ) 


45 


2 


71% 


16 


50(55. 7BA/44.3M MA) 
// 50(55.7 BA/ 
36.3MMA/8MAA) 


52(b) 


51 


2 


96% 


17 


50{55.7BA/44.3MMA) 
// 50(55.7 BA/ 
34.3MMA/10MAA) 


65(b) 


51 


2 


93% 


Comp. C 


55.7BA/40.3MMA/ 
4.0MAA 


26( c ) 


46 


1 


11% 



10 



15 



20 



25 



30 



35 



(a) Polymer A was prepared in the second polymerization stage (denoted by the appearance of its composition after the 7/" in the designation of 
the mil composition) in Examples 14-17. 

(b) The average acid number for the entire composition is one-half of the acid number shown here for Polymer A 

(c) Comparative Example C is a single-stage polymer having an acid number equal to the average acid number of the entire composition of Example 

[0055] Comparison of Example 15 with Comparative Example C results in Table 7 reveals that, in spite of having 
identical average acid numbers (i.e., 26) and similar particle sizes, the single-stage polymer of Comparative Example 
C imparts poor adhesion (11 %) to coatings formed from its aqueous coating composition, while the two-stage polymer 
of Example 16, having all of the acid in the Polymer A stage, imparts excellent adhesion performance (96%) In fact 
adhesion perfotmance is still very good (> 70%) for two-stage polymers having average acid numbers as low as 6 5 
(i.e., Example 14). 

Table 8. 



Effect of < 


:>rder of making the high acid phase 


Empl. 


Composition of the polymeric particles 


P.S. (nm) 


# of phases 


X-hatch adhesion 


18 


50(55.7 B A/36. 3M MA/8 MA A)// 50(55.7BA/44.3MMA) 


48 


2 


62% 


16 


50(55.7BA/44.3MMA)// 50(55.7 BA/36.3MMA/8MAA) 


51 


2 


96% 


Comp. C 


55.7 BA/40.3MMA/4.0MAA 


46 


1 


11% 



40 



45 



SO 



[0056] The results of Table 8 show that the benefit of having a separate high acid stage (Polymer A) rather than a 
single stage having an acid content equal to the average acid content of the two-stage polymers. The first stage of the 
polymeric particles of Example 18 is Polymer A, while the second stage of the polymeric particles of Example 16 is 
Polymer A. The aqueous coating compositions of both Example 16 and 18 form coatings with very good adhesion to 
chalky surfaces, while Comparative Example C, containing the single stage polymeric particles, forms coatings with 
poor adhesion performance. 

Table 9. 



Effect of c 


;hain transfer agent, crosslinker, and polymer Tg. 


Empl. 


Composition of the polymeric particles 


P.S. (nm) 


# of phases 


X-hatch adhesion 


19 


50(55.7BA/44.3MMA)// 50(55.7 BA/36.3MMA/8MAA// 
1nDDM) 


45 


2 


42% 



55 
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; m Tablo 9. (continuod) 

Effect of chain transfer agent, crosslinker, and polymer Tg. 



Empl. 



20 



26 



Comp. C 



Composition of the polymeric particles 



50(33.6BA/66.4MMA)// 50(55.7 BA/36.3MMA/8MAA) 



50(55. 7BA/43.3M MA/1 ALMA)// 50(55.7 BA/ 
36.3MMA/8MAA) 



55.7 BA/40.3MMA/4.0MAA 



45 



46 



X-hatch adhesion 
90% 



55% 




Effect of in 


itiation type and polymer composition. n 


Empl. 


Composition of the 
polymeric particles 


Initiator type 


PS. (nm) 


# of phases 


X-hatch adhesion 


21 


50(55.7BA/44.3Sty)// 50 
(55.7 BA/36.3MMA/8MAA) 


(a) 


53 


2 


54% 




50(55. 7BA/44.3MMA)// 50 
(55.7 BA/36.3MMA/8MAA) 


(b) 


51 


' 2 


33% 


Comp. C 


55.7 BA/40.3MMA/4.0MAA 


(a) 


46 


1 


11% 


IM Th« ,„ »T„'. 7 , Z ammon,um («"""•• Ammonium persu»ate, used by Itself, function 

!™isrr:e~r° n,um pereu " a,e - teoasc ° ,, " c — "-i-^ 


s as a thermal initiator. 
. This initiation system 



Example C and Example ?1 reveals that the two-stage pS^pa^^^^^ 9 ^ Wth Com P arative 
or redox (reduction/oxidation) initiation. P°iymer.c particles can be prepared using ertherthermal initiation 



Table 12 



Effect of i 


additional polymer stages. " ~ " " — , 


Empl. 


Composition of the polymeric particles 


P.S. (nm) 


# of phases 


X-hatch adhesion 


23 
Comp. C 


80(50(55.7BA/44.3MMA)// 50(55.7 BA/36.3MMA/ 
8MAA))// 20(80BA/20MMA) 

55.7 BA/40.3MMA/4.0MAA 


50 
46 


3 
1 


38% 
11% 
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[0059] Table 12 shows that the benefit of having a separate high acid stage (Polymer A) is seen even when the 
polymeric particles are designed to contain more than two separate polymer stages. 



Table 13. 



Effect of 1 


Hydrophilic monomers. 


Empl. 


Composition of the polymeric particles 


RS. (nm) 


# of phases 


X-hatch adhesion 


25 


50(55.7BA/44.3MMA)// 50(19.1 BA/80.4VAc/0.5MAA) 


65 


2 


67% 


Comp. C 


55.7 BA/40.3MMA/4.0MAA 


46 


1 


11% 



[0060] Table 13 reveals good adhesion for polymeric particles having a separate stage (Polymer A) containing a 
water soluble monomer (i.e., one with a water solubility greater than 8% at 25° C) even if the acid number for that 
stage is below 13. The acid number for the Polymer A portion of the polymeric particles of Example 25 is only about 
3. The average acid number for the polymeric particles is less than 2. 



Table 14. 



Addition < 


af nonionic surfactant. 


Empl. 


Composition of the polymeric particles 


P.S. (nm) 


# of phases 


X-hatch adhesion 


14 


50(55.7BA/44.3MMA)// 50(55.7 BA/42.3MMA/2MAA) 


48 


1 


75% 


27 


50(55.7BA/44.3MMA)// 50(55.7 BA/42.3MMA/2MAA) 
+ 4%Tergitol 15-S-40 


48 


2 


94% 


Comp. C 


55.7 BA/40.3MMA/4.0MAA 


46 


1 


11% 



[0061] Table 14 shows that the addition of a nonionic surfactant to a coating composition containing two-stage pol- 
ymeric particles gives a further improvement in the adhesion performance beyond that imparted by the presence of a 
separate MAA containing stage. 



Claims 

1 . An aqueous coating composition having improved adhesion to friable surfaces comprising a plurality of polymeric 
particles, each of said particles comprising: 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C, 

wherein said polymer A is an emulsion polymer consisting essentially of: 

(i) at least one copolymerized ethylenically unsaturated nonionic monomer having a water solubility less 
than 8% by weight, based on the weight of water; and 

(ii) at least one copolymerized acid monomer, such that the acid number of said polymer A is 1 3 to 260; and 

(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer comprising, as polymerized units, at least one ethylen- 
ically unsaturated nonionic monomer, 

wherein said particles have an average particle diameter less than 120 nanometers. 

2. The aqueous coating composition of claim 1 , wherein said polymer A has an acid number of 26 to 1 95. 

3. The aqueous coating composition of claim 1 , wherein said polymer A is present at 10 to 95 percent by weight 
based on the total weight of said particles. 

4. The aqueous coating composition of claim 1 , wherein said polymer A is present at 30 to 70 percent by weight, 
based on the total weight of said particles. 

5. The aqueous coating composition of claim 1 , wherein said particles have an average particle diameter of less than 
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80 nanometers. 



(a) at least one polymer A having a glass transition temperature of -20° C to 1 00° C 
wherein said polymer A is an emulsion polymer comprising: 

(...) at .east one copo.ymerized acid monomer, such that the acid number of said po.ymer A is 3 to 1 00; and 
(b) at least one polymer B having a glass transition temperature of -20° C to 100° C 

ica„y ::~^™*^ UiSi ° n P ° lymer ~* - -ts. at .east one ethy.en- 

wherein said particles have an average particle diameter less than 120 nanometers. 
9- The aqueous coating composition of Cairn 8, wherein said polymer A has an acid number of 3 to 26. 

10. The aqueous coating composition of claim 8, wherein said polymer A is present at 1 0 to qr „„ m 

based on the total weight of said particles. present at 1 0 to 95 percent by weight, 

1 5. A method for producing a coating on a friable surface comprising: 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C 
where.n said polymer A is an emulsion polymer consisting essentially of. 

lesf tSTUrt COp0, r e K 2ed eth y' enical, y ""saturated nonionic monomer having a water so.ubi.ity 
less than 8% by weight, based on the weight of water and soiuDinty 

260 a and St C ° PO,ymeri2ed acid monomer - suc " ^at the acid number of said po.ymer A is 13 to 
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(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer comprising, as polymerized units, at least one eth- 
ylenically unsaturated nonionic monomer, 

wherein said particles have an average particle diameter less than 120 nanometers; and 
(2) drying said coating composition. 

16. The method of claim 15, wherein said friable surface is selected from the group consisting of weathered paint 
masonry, wall board, weathered uncoated wood, gypsum, and fresh masonry. 

17. A method for producing a coating on a friable surface comprising: 

(1) applying to said friable surface a layer of the aqueous coating composition comprising a plurality of poly- 
meric particles, each of said particles comprising: 

(a) at least one polymer A having a glass transition temperature of -20° C to 100° C. 

wherein said polymer A is an emulsion polymer comprising: 

(i) 5-99.5 % by weight, based on said polymer A weight, of at least one copolymerized elhyienically 
unsaturated first nonionic monomer having a water solubility of 8% or more by weight, based on the 
weight of water; 

(ii) 0-94.5 % by weight, based on said polymer A weight, of at least one copolymerized ethylenically 
unsaturated second nonionic monomer having a water solubility of less than 8% by weight, based on 
the weight of water; and 

(iii) at least one copolymerized acid monomer, such that the acid number of said polymer A is 3 to 
100; and 

(b) at least one polymer B having a glass transition temperature of -20° C to 100° C, 

wherein said polymer B is an emulsion polymer comprising, as polymerized units, at least one eth- 
ylenically unsaturated nonionic monomer, 

wherein said particles have an average particle diameter less than 120 nanometers; and 
(2) drying said coating composition. 

8. The method of claim 17, wherein said friable surface is selected from the group consisting of weathered paint 
masonry, wall board, weathered uncoated wood, gypsum, and fresh masonry. 
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